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• JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

Seed crystal for silicon-carbide-monocrystal training with which aperture makes the field to which 
more 12 degrees or less inclined from {0001} side bearing a single-crystal-growth side by 40mm or 
[Claim 2] 

Seed crystal for silicon-carbide-monocrystal training with which aperture makes the field to which 
more 12 degrees or less inclined from {0001} side bearing a single-crystal-growth side by 40mm or 
[Claim 3] 

Seed crystal for silicon-carbide-monocrystal training with which aperture makes the field to which 
more 12 degrees or less inclined from {0001} side bearing a single-crystal-growth side by 40mm or 
[Claim 4] 

Seed crystal for silicon-carbide-monocrystal training with which aperture makes the field to which 
more 12 degrees or less inclined from {0001} side bearing a single-crystal-growth side by 65mm or 
[Claim 5] 

Seed crystal for silicon-carbide-monocrystal training with which aperture makes the field to which 
more 12 degrees or less inclined from {0001} side bearing a single-crystal-growth side by 65mm or 
[Claim 6] 

Seed crystal for silicon-carbide-monocrystal training with which aperture makes the field to which 
more 12 degrees or less inclined from {0001} side bearing a single-crystal-growth side by 65mm or 
[Claim 7] 

Seed crystal for silicon-carbide-monocrystal training which carried out 0.3-micrometer or more epitaxial growth 
of the silicon-carbide-monocrystal thin film on which seed crystal according to claim 1 to 6. 
[Claim 8] 

Seed crystal for silicon-carbide-monocrystal training which carried out 3-micrometer or more epitaxial growth of 
the silicon-carbide-monocrystal thin film on which seed crystal according to claim 1 to 6. 
[Claim 9] 

Seed crystal for silicon-carbide-monocrystal training which carried out 30-micrometer or more epitaxial growth 
of the silicon-carbide-monocrystal thin film on which seed crystal according to claim 1 to 6. 
[Claim 10] 

The manufacture approach of the silicon carbide monocrystal which is the manufacture approach of the silicon 
carbide monocrystal which includes the process which grows up silicon carbide monocrystal on seed crystal by 
the sublimation recrystallizing method, and is characterized by using which seed crystal according to claim 1 to 9 
as said seed crystal. 
[Claim 11] 

The silicon-carbide-monocrystal ingot characterized by being the silicon-carbide-monocrystal ingot obtained by 
the manufacture approach according to claim 10, and the aperture of this ingot being 50mm or more. 
[Claim 12] 

The silicon-carbide-monocrystal ingot characterized by being the silicon-carbide-monocrystal ingot obtained by 
the manufacture approach according to claim 10, and the aperture of this ingot being 75mm or more. 
[Claim 13] 

The silicon-carbide-monocrystal substrate which cuts a silicon-carbide-monocrystal ingot according to claim 1 1 
or 12, and it comes to grind. 
[Claim 14] 

The silicon-carbide-monocrystal epitaxial wafer which makes an epitaxial thin film come to grow up to be a 
silicon-carbide-monocrystal substrate according to claim 13. 
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* NOTICES * 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

Especially this invention relates to the good and large-sized single crystal ingot used as substrate wafers, such 
as a blue light emitting diode and an electron device, and its manufacture approach about the seed crystal for 
silicon-carbide-monocrystal training, a silicon-carbide-monocrystal ingot, and its manufacture approach. 
[0002] 

[Description of the Prior Art] 

Silicon carbide (SiC) is excellent in thermal resistance and a mechanical strength, and attracts attention as an 
environment-resistant semiconductor material from physical and chemical property, like it is strong in a 
radiation. Moreover, the need of a SiC single crystal wafer is increasing in recent years as substrate wafers, 
such as a short wave Nagamitsu device covered over ultraviolet from blue, and a large power high frequency 
device. However, the crystal growth technique which can supply the SiC single crystal of the high quality which 
has a large area to stability on a scale of industrial is not yet established. So, the utilization was obstructed in 
spite of the semiconductor material with which SiC has the advantage and possibility of above many. 
[0003] 

Conventionally, on a scale of laboratory extent, the SiC single crystal was grown up, for example by the 
sublimation recrystallizing method (Rayleigh law), and the SiC single crystal of the size which can produce a 
semiconductor device had been obtained. However, the area of the single crystal obtained by this approach is 
small, and it is difficult to control that dimension and configuration with high precision. Moreover, control of the 
crystal polymorphism which SiC has, and impurity carrier concentration is not easy, either. Moreover, growing up 
a cubic SiC single crystal is also performed using the chemical-vapor-deposition method (CVD method) by 
carrying out heteroepitaxial growth on different-species substrates, such as silicon (Si). Although the single 
crystal of a large area is obtained by this approach, it is not easy for grid mismatching with a substrate to be 
unable to grow up only the SiC single crystal which includes many defects (- 107cm- 2) by a certain thing etc., 
and to obtain the SiC single crystal of high quality about 20%. 
[0004] 

advanced Rayleigh who uses a SiC single crystal {0001} wafer as seed crystal, and performs sublimation 
recrystallization in order to solve these troubles — law is proposed (for example, nonpatent literature 1 
reference). A crystal growth rate etc. is controllable with sufficient repeatability by being able to control the 
nucleation process of a crystal by this approach, since seed crystal is used, and controlling the ambient pressure 
force by inert gas from 100Pa to 15kPa extent. The principle of the amelioration Rayleigh method is explained 
using drawing 1 . The SiC crystal powder used as the SiC single crystal used as seed crystal and a raw material 
is contained in crucible with a lid (usually products made from a refractory metal, such as a product made from a 
graphite, or a tantalum), and is heated by 2000-2400 degrees C among inert gas ambient atmospheres, such as 
an argon, (133Pa-13.3kPa). Under the present circumstances, a temperature gradient is set up so that seed 
crystal may become low temperature a little compared with raw material powder. A raw material is diffused and 
conveyed in the direction of seed crystal by the concentration gradient (formed of a temperature gradient) after 
sublimation. Single crystal growth is realized when the material gas which reached seed crystal recrystallizes on 
seed crystal. Under the present circumstances, the resistivity of a crystal is controllable by adding impurity gas 
in the ambient atmosphere which consists of inert gas, or mixing an impurity element or its compound in SiC raw 
material powder. Nitrogen (n mold), boron (p mold), and aluminum (p mold) are typical as a substitutional impurity 
in a SiC single crystal. If the amelioration Rayleigh method is used, a SiC single crystal can be grown up 
controlling the crystal polymorphisms (6H mold, 4H mold, 15 R forms, etc.) and the configuration, the carrier 
mold, and concentration of a SiC single crystal. 
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{0005] 

As for the growth rate of the SiC single crystal by the amelioration Rayleigh method, an ingot with a die length of 
* about 14-24mm is usually manufactured by about 20-hour growth time amount by about per hour 0.7-1. 2mm. 
The single crystal wafer which manufactures a device is obtained by cutting and grinding this ingot The number 
of sheets of a wafer which can be started is determined by crystal die length, wafer thickness, a cutting margin, 
polish cost, etc. For example, about 20-30 polish wafers with a thickness of 300 micrometers can usually be 
manufactured from the ingot of 20mm length. 
[0006] 

current and above-mentioned amelioration Rayleigh — a 3 inches (75mm) {0001} side SiC single crystal wafer is 
cut down from the aperture of 2 inches (50mm) from the SiC single crystal produced by law, and epitaxial thin 
film growth and device production are presented. However, the pinhole defect (micro pipe defect) with a 
diameter of several micrometers penetrated in the growth direction was included in these SiC single crystal 
wafers about [ 50-200cm - ] two. 
[0007] 

As described above, the micro pipe defect was included in the SiC single crystal made from the Prior art about 
[ 50-200cm - ] two. When these defects produce a component, they cause the leakage current etc. (for 
example, nonpatent literature 2 reference). Let reduction of a micro pipe defect be a problem of the utmost 
importance in device application of a SiC single crystal. 
[0008] 

Decomposing this micro pipe defect into crystal growth is reported. A micro pipe is the aggregate of screw 
dislocation. If two or more rearrangements coalesce, the strain energy of a dislocation core becomes large, and 
in order to open the energy, a dislocation core will serve as hollow. It is supposed that it is a micro pipe a 
metastable state (a thing advantageous [ having decomposed into the screw dislocation according to individual 
direction-wise / energy ] is meant), and disassembly of the above-mentioned micro pipe means decomposing 
into the screw dislocation whose micro pipe is the minimum configuration element The screw dislocation 
generated in the SiC single crystal after decomposition does not cause the leakage current of a device, 
therefore disassembly of a micro pipe is very important in device application of a SiC single crystal. 
[0009] 

In disassembly of this micro pipe, the role with the important behavior of a surface growth step is played (for 
example, nonpatent literature 3 reference). The micro pipe which is the aggregate of screw dislocation forms a 
swirl growth step in a crystal growth front face. By the above-mentioned reference, this swirl growth step brings 
about a big energy barrier to disassembly of a micro pipe, and supposes that disassembly of a micro pipe is 
controlled in kinetics. Therefore, in order to promote disassembly of a micro pipe, it is important to reduce the 
energy barrier resulting from this swirl growth step. 
[0010] 

by the way, when it is going to cut down the useful diameter SiC single crystal wafer of macrostomia from a SiC 
single crystal to device manufacture, it is necessary to cut down the wafer of field bearing which often had an 
inclination from {0001} sides (as whenever [ inclination ], 3.5 degrees or 8 degrees are usually used) This is 
because the wafer of field bearing which had an inclination from {0001} sides is needed, in order to perform high- 
definition SiC single crystal thin film epitaxial growth on a SiC single crystal wafer. On the other hand, a SiC 
single crystal grows on the seed crystal which usually has {0001} side bearing. Therefore, in order to cut down 
the SiC single crystal wafer of field bearing which had an inclination from {0001} sides, it is necessary to cut 
down a wafer aslant to the growth direction like drawing 2 (a). Even if crystal die length amounts to about 1m 
from several 10cm and it cuts about 10 degrees from several degrees aslant to growth bearing in semi- 
conductor single crystals, such as Si or GaAs, there is no so big change in the wafer number of sheets obtained 
from one single crystal ingot On the other hand, if in the case of a SiC single crystal crystal die length is as 
short as about 14-24mm, and it cuts aslant to the growth direction also although it is called several degrees to 
about 10 degrees as stated previously, the cutting yield (wafer number of sheets obtained from one ingot) of a 
wafer will fall sharply. This yield fall becomes more remarkable, as the aperture of a crystal becomes large. 
[0011] 

[Nonpatent literature 1] 

Yu.M.Tairov and V.F.Tsvetkov, Journal of Crystal Growth, Vol.52 (1981) pp.1 46-1 50. 
[Nonpatent literature 2] 

P. G. Neudeck et al., IEEE Electron Device Letters, Vol.15 (1994) pp.63-65 
[Nonpatent literature 3] 

N. Ohtani et al., Journal of Crystal Growth Vol.226 (2001) pp.254-260 
[0012] 
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{Problem(s) to be Solved by the Invention] 

This invention is made in view of the above-mentioned situation, and offers the seed crystal which can moreover 
manufacture the good diameter wafer of macrostomia with few micro pipes to the high yield, a SiC single crystal 
ingot, and its manufacture approach. 
[0013] 

[Means for Solving the Problem] 
This invention, 

(1) Seed crystal for SiC single crystal growth with which aperture makes the field to which 2 degrees or more 12 
degrees or less inclined from {0001} side bearing a single-crystal-growth side by 40mm or more, 

(2) Seed crystal for SiC single crystal growth with which aperture makes the field to which 4 degrees or more 12 
degrees or less inclined from {0001} side bearing a single-crystal-growth side by 40mm or more, 

(3) Seed crystal for SiC single crystal growth with which aperture makes the field to which 6 degrees or more 12 
degrees or less inclined from {0001} side bearing a single-crystal-growth side by 40mm or more, 

(4) Seed crystal for SiC single crystal growth with which aperture makes the field to which 2 degrees or more 12 
degrees or less inclined from {0001} side bearing a single-crystal-growth side by 65mm or more, 

(5) Seed crystal for SiC single crystal growth with which aperture makes the field to which 4 degrees or more 12 
degrees or less inclined from {0001} side bearing a single-crystal-growth side by 65mm or more, 

(6) Seed crystal for SiC single crystal growth with which aperture makes the field to which 6 degrees or more 12 
degrees or less inclined from {0001} side bearing a single-crystal-growth side by 65mm or more, 

(7) (1) Seed crystal for SiC single crystal growth which carried out 0.3-micrometer or more epitaxial growth of 
the SiC single crystal thin film on which [ given in - (6) ] seed crystal, 

(8) (1) Seed crystal for SiC single crystal growth which carried out 3-micrometer or more epitaxial growth of the 
SiC single crystal thin film on which [ given in - (6) ] seed crystal, 

(9) (1) Seed crystal for SiC single crystal growth which carried out 30-micrometer or more epitaxial growth of 
the SiC single crystal thin film on which [ given in - (6) ] seed crystal, 

(10) The manufacture approach of the SiC single crystal which is the manufacture approach of the SiC single 
crystal which includes the process which grows up a SiC single crystal on seed crystal by the sublimation 
recrystallizing method, and is characterized by using which seed crystal of a publication for (1) - (9) as said seed 
crystal, 

(11) The SiC single crystal ingot characterized by being the SiC single crystal ingot obtained by the manufacture 
approach given in (10), and the aperture of this ingot being 50mm or more, 

(12) The SiC single crystal ingot characterized by being the SiC single crystal ingot obtained by the manufacture 
approach given in (10), and the aperture of this ingot being 75mm or more, 

(13) The SiC single crystal substrate which cuts the SiC single crystal ingot of a publication and it comes to 
grind to (11) or (12), 

(14) The SiC single crystal epitaxial wafer which makes an epitaxial thin film come to grow up to be a SiC single 
crystal substrate given in (13), 

It comes out. 
[0014] 

[Embodiment of the Invention] 

In this invention, by making into a single-crystal-growth side the field to which 2 degrees or more 12 degrees or 
less inclined from {0001} side bearing, disassembly of a micro pipe can be promoted and the SiC single crystal 
wafer of the good diameter of macrostomia can be obtained with the sufficient yield. 
[0015] 

The effectiveness of this invention is explained using drawing 3 . Drawing 3 expresses typically the situation of 
the step on the crystal growth front face at the time of SiC single crystal growth. First, drawing 3 (a) shows the 
situation of the step at the time of growing up a SiC single crystal on {0001} sides (the gap from {0001} sides 
being less than 2 degrees). When growing up a crystal on {0001} sides, the swirl growth step resulting from a 
micro pipe progresses greatly on a growth front face. Thus, as a result, a micro pipe is stabilized and it is hard 
coming for the energy barrier over disassembly of a micro pipe to become large, and to decompose it, as stated 
previously when a swirl growth step progresses greatly on a crystal growth front face into crystal growth. 
[0016] 

On the other hand, when the field to which 2 degrees or more inclined from {0001} side bearing is made into a 
single-crystal-growth side, the step structure on the front face of crystal growth becomes like drawing 3 (b). In 
this case, since the crystal growth front face leans from {0001} sides, in a crystal growth front face, the stair-like 
step (if the inclination direction of a crystal growth side is made into the right from the space left, similarly the 
direction of a step down will serve as right from the space left) resulting from an inclination, and the swirl growth 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2005/12/19 



JP,2004-099340,A [DETAILED DESCRIPTION] 



4/8 ^— v 



step resulting from a micro pipe are intermingled. 
[0017] 

In being large, when the stair-like (when a tilt angle is 2 degrees or more) step moves [ the inclination of a 
crystal growth side ] to the right from the left above to some extent, crystal growth advances (this phenomenon 
is called the step flow in crystal growth). Thus, on a crystal growth front face, when a step flow is dominant, as 
shown in drawing 3 (b), a crystal growth front face is occupied at a stair-like step, and a swirl growth step does 
not progress greatly. Under the environment where a swirl growth step is underdeveloped, the energy barrier 
which controls disassembly of a micro pipe becomes small, and, as a result, disassembly of a micro pipe is 
promoted. 
[0018] 

this invention persons found out more preferably that step flow growth was realized by using 2 degrees or more 
from [0001} side bearing, and the field to which 4 degrees or more 6 degrees or more inclined still more 
preferably as a single-crystal-growth side, and disassembly of a micro pipe could be promoted from much 
experiments. 
[0019] 

Also in case this invention not only promotes disassembly of a micro pipe, but cuts down the SiC single crystal 
wafer of field bearing which had an inclination from {0001} sides from the grown-up crystal, it demonstrates the 
effectiveness. 
[0020] 

If a crystal is grown up on the seed crystal of the same field bearing (field bearing which had a desired inclination 
from {0001} sides) as the SiC single crystal wafer for epitaxial thin film growth which is finally needed in case a 
SiC single crystal is grown up, in case the wafer for epitaxial thin film growth will be cut down from the obtained 
growth crystal, as shown in drawing 2 (b), a growth crystal can be cut at right angles to the growth direction. If a 
wafer can be cut down at right angles to the growth direction from a growth crystal, the cutting yield (wafer 
number of sheets obtained from one ingot) of a wafer will become the highest. 
[0021] 

Furthermore, quality improvement of the seed crystal used for SiC single crystal growth in this invention is also 
possible. If growth conditions are optimized in case an epitaxial thin film is grown up with a CVD method on a 
SiC single crystal wafer as indicated by LKamata et al. and Japanese Journal of Applied Physics Vol.39 (2000) 
pp.6496-6500, a micro pipe defect can be blockaded. If the SiC single crystal wafer which blockaded the micro 
pipe defect by this approach is used as seed crystal of SiC single crystal growth, large quality improvement of a 
SiC single crystal will be attained. However, the above-mentioned epitaxial thin film growth process was difficult 
to apply for a wafer of {0001} side bearing which could apply only to the wafer of field bearing which had an 
inclination from {0001} sides as mentioned above, and has been conventionally used for the seed crystal of SiC 
single crystal growth. On the other hand by this invention, the wafer of field bearing with an inclination is used as 
seed crystal from {0001} sides, and it is possible to apply the above-mentioned epitaxial thin film growth process 
to the seed crystal of this invention. That is, if SiC single crystal growth is carried out using it as seed crystal 
after blockading a micro pipe defect on the seed crystal of field bearing with an inclination from the {0001} sides 
of this invention with the application of the above-mentioned epitaxial thin film growth process, large upgrading 
of a SiC single crystal can be attained. 
[0022] 

The seed crystal of field bearing which had an inclination from {0001} sides used in this invention has more 
preferably 2 degrees or more 1 2 degrees or less of 4 degrees or more 1 2 degrees or less of 6-degree or more 
inclinations of 12 degrees or less still more preferably as an inclination. Moreover, the aperture of seed crystal is 
65mm or more more preferably 40mm or more. 
[0023] 

When an inclination is less than 2 degrees, a swirl growth step develops into a crystal growth front face greatly, 
and the effectiveness of this invention is not acquired. Moreover, when an inclination is 12-degree **, it is hard 
to cut down the wafer of field bearing (the inclination from for example, {0001} sides is 3.5 degrees or 8 degrees) 
suitable for epitaxial thin film growth to the high yield from a growth ingot. It is also possible to obtain a high- 
definition SiC single crystal with an aperture of 50mm or more as the aperture of seed crystal is 40mm or more. 
Moreover, it is also possible to obtain a high-definition SiC single crystal with an aperture of 75mm or more as 
the aperture of seed crystal is 65mm or more. 
[0024] 

Furthermore, when using for a front face the SiC single crystal wafer which gave epitaxial thin film growth as 
seed crystal, 0.3 micrometers or more of 3 micrometers or more of thickness of an epitaxial thin film are 30 
micrometers or more still more preferably more preferably. It is because the lock out using epitaxial thin film 
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growth of a micro pipe defect is difficult when the thickness of an epitaxial thin film is less than 0.3 micrometers. 
[0025] 

The micro pipe defect in which the SiC single crystal ingot produced by the manufacture approach of this 
invention has a diameter of macrostomia 50mm or more, and the debasement of a SiC single crystal wafer is 
brought about has the description that the cutting yield of a wafer is high, few. 
[0026] 

Thus, the SiC single crystal wafer which cuts the manufactured SiC single crystal ingot and it comes to grind 
may have the aperture of 75mm or more more preferably 50mm or more. For this reason, in case various devices 
are manufactured using this wafer, the production line for the conventional semi-conductors (Si, GaAs, etc.) 
wafers established industrially can be used, and it is suitable for mass production. Moreover, it has the 
description that a SiC single crystal wafer with very few such crystal defects and the SiC single crystal epitaxial 
wafer which comes to grow up with a CVD method etc. in an epitaxial thin film on it have very few falls of the 
device manufacture yield resulting from a crystal defect 
[0027] 
[Example] 

Below, an example explains this invention at a detail. 
[0028] 

Drawing 4 is the general-view Fig. showing an example of the manufacturing installation used by this invention. 
** — advanced Rayleigh using [ on equipment / like / and ] seed crystal — a SiC single crystal is grown up by 
law. First, this single crystal growth equipment is explained briefly. Crystal growth is performed by carrying out 
sublimation recrystallization of the SiC crystal powder raw material 2 which is a raw material on the SiC single 
crystal 1 used as seed crystal. The SiC single crystal 1 of seed crystal is attached in the inside of the crucible 
lid 4 (product made from a graphite) of crucible 3 (product made from a graphite). The interior of the crucible 3 
made from a graphite is filled up with the SiC crystal powder raw material 2. Such crucible 3 made from a 
graphite is installed in the interior of the duplex quartz tube 5 by the bearing bar 6 of a graphite. The felt 7 made 
from a graphite for a heat-shield is installed in the perimeter of the crucible 3 made from a graphite. The high 
vacuum exhaust air (10 - 3 or less Pa) of the duplex quartz tube 5 can be carried out with evacuation 
equipment, and it can carry out pressure control of the internal ambient atmosphere by Ar gas. Moreover, the 
work-piece coil 8 is installed in the periphery of the duplex quartz tube 5, by passing the high frequency current, 
the crucible 3 made from a graphite can be heated and a raw material and seed crystal can be heated to desired 
temperature. Measurement of crucible temperature prepares an optical path with a diameter of 2-4mm for the 
crucible upper part and the lower part in the center section of the wrap felt, takes out the light from the crucible 
upper part and the lower part, and is performed using a two-color thermometer. Raw material temperature and 
temperature of the crucible upper part are made into seed temperature for the temperature of the crucible lower 
part 
[0029] 
(Example 1) 

First, the SiC single crystal wafer (aperture of 49mm) of the hexagonal system of field bearing which inclined in 
the [11-20] direction 8 degrees from {0001} sides was prepared as seed crystal, and the crucible lid rear face 
made from a graphite was equipped. 
[0030] 

Next, it covered with the felt 7 made from a graphite, after closing the crucible 3 made from a graphite with the 
crucible lid 4 made from a graphite which did in this way and fixed seed crystal. The interior of the crucible 3 
made from a graphite is filled up with the SiC crystal powder raw material 2. These were put on the bearing bar 6 
made from a graphite, and it installed in the interior of the duplex quartz tube 5. And after carrying out 
evacuation of the interior of a quartz tube, sink raw material temperature was raised for the current to the 
work-piece coil to 2000 degrees C. Then, raw material temperature was raised to 2400 degrees C which is target 
temperature, making Ar gas flow as a controlled atmosphere, and maintaining quartz tube internal pressure at 
about 80 kPa(s). To 1.3kPa(s) which are growth pressures, it decompressed over about 30 minutes, and growth 
was continued after that for about 20 hours. The temperature gradient in the crucible in this case was 15 
degrees C/cm, and the growth rate was about O.Smm/o'clock. The aperture of the obtained single crystal was 
51mm, and die length was about 16mm. 
[0031] 

In this way, when an X diffraction and Raman scattering analyzed the obtained SiC single crystal, it has checked 
that the SiC single crystal of hexagonal system had grown. Moreover, when the growth crystal front face was 
observed under the microscope, in the growth crystal front face, the stair-like step corresponding to step flow 
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growth was observed. Furthermore, the manufactured SiC single crystal ingot was cut in the shape of a wafer in 
order to evaluate a micro pipe defect Under the present circumstances, when the wafer of field bearing which 
inclined in the [1 1-20] direction 8 degrees from {0001} sides was cut down, 24 wafers were obtained in all. Two 
of sheets [ them ] were ground and it considered as the SiC single crystal {0001} side wafer with an aperture of 
51mm. Then, when one of sheets of this was etched by about 530-degree C melting KOH and the microscope 
investigated the number of the large-sized hexagon etch pits corresponding to a micro pipe defect, it turned out 
that the micro pipe defect is decreasing about to 3/4 compared with seed crystal. 
[0032] 

Furthermore, epitaxial growth of SiC was performed, using the one remaining SiC single crystal wafer of 51mm 
aperture as a substrate. The flow rates of the growth temperature of 1500 degrees C, a silane (SiH4), a propane 
(C3H8), and hydrogen (H2) of the growth conditions of a SiC epitaxial thin film were 5.0x1 0-9m3/sec, 3.3x10- 
9m3/sec, and 5.0x1 0-5m3/sec, respectively. The growth pressure was made into atmospheric pressure. Growth 
time amount is 2 hours and grew about 5 micrometers as thickness. 
[0033] 

Although the surface discontinuity considered to have originated in the micro pipe in part was observed with the 
NOMARU skiing optical microscope after epitaxial thin film growth when the surface morphology of the obtained 
epitaxial thin film was observed, it turned out that it crosses all over a wafer and the almost flat SiC epitaxial 
thin film is growing. 
[0034] 
(Example 2) 

First, the SiC single crystal wafer (aperture of 49mm) of the hexagonal system of field bearing which inclined in 
the [11-20] direction 8 degrees from {0001} sides was prepared as seed crystal. After grinding after that, 
epitaxial growth of SiC was performed using this wafer as a substrate. The growth conditions of a SiC epitaxial 
thin film were made into the same conditions as an example 1. Growth time amount is 16 hours and grew about 
40 micrometers as thickness. 
[0035] 

When the front face of the epitaxially grown SiC single crystal wafer was observed, it has checked that 4 [ about 
1-/] blockaded [ of the micro pipe defect which existed in the substrate ]. Thus, using the SiC single crystal 
wafer which blockaded some micro pipes as seed crystal, the growth experiment was conducted in the same 
procedure as an example 1, and the SiC single crystal with an aperture of 51mm was obtained. In o'clock, die 
length of the growth rate was about 14mm in about 0.7mm /. 
[0036] 

In this way, when an X diffraction and Raman scattering analyzed the obtained SiC single crystal, it has checked 
that the SiC single crystal of hexagonal system had grown. Moreover, when the growth crystal front face was 
observed under the microscope, in the growth crystal front face, the stair-like step corresponding to step flow 
growth was observed. Furthermore, the manufactured SiC single crystal ingot was cut in the shape of a wafer in 
order to evaluate a micro pipe defect. Under the present circumstances, when the wafer of field bearing which 
inclined in the [11-20] direction 8 degrees from {0001} sides was cut down, 21 wafers were obtained in all. Two 
of sheets [ them ] were ground and it considered as the SiC single crystal {0001} side wafer with an aperture of 
51mm. Then, when one of sheets of this was etched by about 530-degree C melting KOH and the microscope 
investigated the number of the large-sized hexagon etch pits corresponding to a micro pipe defect, it turned out 
that the micro pipe defect is decreasing about 2/3 compared with the seed crystal after epitaxial growth 
compared with the seed crystal before growing epitaxially about to 1/2. 
[0037] 

Furthermore, epitaxial growth of SiC was performed, using the one remaining SiC single crystal wafer of 51mm 
aperture as a substrate. The growth conditions of a SiC epitaxial thin film were made into the same conditions 
as what was given to seed crystal before SiC single crystal growth. Growth time amount is 2 hours and grew 
about 5 micrometers as thickness. 
[0038] 

After epitaxial thin film growth, when the surface morphology of the obtained epitaxial thin film was observed 
with the NOMARU skiing optical microscope, it crossed all over the wafer and was very flat and it turned out 
that the SiC epitaxial thin film which has very little good surface morphology of the surface discontinuity of a pit 
etc. is growing. 
[0039] 

(Example of a comparison) 

The growth experiment was conducted using the seed crystal wafer of {0001} side bearing as an example of a 
comparison. First, the SiC single crystal wafer of hexagonal system with a field (0001) with an aperture of 49mm 



http://www4.ipdl. ncipi.go.jp/cgi-bin/tran_web_cgi_ejue 



2005/12/19 



JP,2004-099340,A [DETAILED DESCRIPTION] 



7/8 s<— v 



was prepared as seed crystal. When the gap from {0001} side bearing was measured with X-ray diffractometer, it 

was less than 0.5 degrees. 

[0040] 

Using this seed crystal, the growth experiment was conducted in the same procedure as an example 1, and the 
SiC single crystal with an aperture of 51mm was obtained. In o'clock, die length of the growth rate was about 
14mm in about 0.7mm /. 
[0041] 

In this way, when an X diffraction and Raman scattering analyzed the obtained SiC single crystal, it has checked 
that the SiC single crystal of hexagonal system had grown. Moreover, when the growth crystal front face was 
observed under the microscope, the swirl growth step resulting from a micro pipe had developed into the growth 
crystal front face greatly. Furthermore, the manufactured SiC single crystal ingot was cut in the shape of a 
wafer in order to evaluate a micro pipe defect. Under the present circumstances, when the wafer of field bearing 
which inclined in the [11-20] direction 8 degrees from {0001} sides was cut down, ten wafers were obtained in all. 
Two of sheets [ them ] were ground and it considered as the SiC single crystal {0001} side wafer with an 
aperture of 51mm. Then, when one of sheets of this was etched by about 530-degree C melting KOH and the 
microscope investigated the number of the large-sized hexagon etch pits corresponding to a micro pipe defect, 
it turned out that the micro pipe defect of the same number exists mostly with seed crystal. 
[0042] 

Furthermore, epitaxial growth of SiC was performed, using the one remaining SiC single crystal wafer of 51mm 
aperture as a substrate. The growth conditions of a SiC epitaxial thin film were made into the same conditions 
as an example 1. Growth time amount is 2 hours and grew about 5 micrometers as thickness. 
[0043] 

After epitaxial thin film growth, when the surface morphology of the obtained epitaxial thin film was observed 
with the NOMARU skiing optical microscope, many surface discontinuity of the pit resulting from a micro pipe 
defect etc. was observed. 
[0044] 

[Effect of the Invention] 

advanced Rayleigh using seed crystal as explained above, when using the seed crystal of this invention — in law, 
a good SiC single crystal with few micro pipe defects can be grown up with sufficient repeatability. Moreover, a 
SiC single crystal wafer with field bearing to which it inclined from the {0001} sides suitable for epitaxial thin film 
growth from such a crystal can be cut down to the high yield. If such a SiC single crystal wafer is used, the high 
proof pressure and environment-resistant electron device which was excellent in the blue light emitting device 
which was excellent in the optical property, and electrical characteristics can be manufactured. 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing explaining the principle of the amelioration Rayleigh method. 

[Drawing 2] It is drawing explaining the effectiveness of this invention, (a) is drawing showing the situation of 
wafer cutting in the case of cutting down the SiC single crystal wafer of field bearing which had an inclination 
from {0001} sides from the SiC single crystal which grew on the seed crystal of {0001} side bearing, (b) is drawing 
showing the situation of wafer cutting in the case of cutting down the SiC single crystal wafer of field bearing 
which had an inclination from {0001} sides from the SiC single crystal which grew on the seed crystal of field 
bearing which had a comparable inclination from {0001} sides. 

[Drawing 3] It is drawing explaining the effectiveness of this invention, (a) is drawing showing the situation of the 

step on the crystal growth front face at the time of growing up a SiC single crystal on {0001} sides, (b) is drawing 

showing the situation of the step on the crystal growth front face at the time of growing up a SiC single crystal 

on the seed crystal of field bearing which inclined 2 degrees or more from {0001} sides. 

[Drawing 4] It is the general-view Fig. showing an example of the manufacturing installation used by this 

invention. 

[Description of Notations] 

1 Seed Crystal (SiC Single Crystal) 

2 SiC Crystal Powder Raw Material 

3 Crucible (Refractory Metals, Such as Graphite or Tantalum) 

4 Crucible Lid made from Graphite 

5 Duplex Quartz Tube 

6 Bearing Bar 

7 Felt made from Graphite (Heat Insulator) 

8 Work-Piece Coil 

9 High Grade Ar Gas Piping 
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10 Massflow Controller for High Grade Ar Gas 

1 1 Evacuation Equipment 

[Translation done.] 
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